Nanotechnology is the science, engineering and technology conducted at the scale that ranges between 1-100 nanometers. For the bio-application, evolution of nanotechnology is creating the concern of scientists towards the synthesis of nanoparticles. The nanoparticles have unique characteristics as compare to bulk materials. Zinc oxide (ZnO) is a matchless semiconductor and it has been under investigation due to its wide range of applications in various areas like biomedical, electronics, material science and optics. In the present work synthesis of ZnO nanoparticles was carried out by using simple chemical approach, Sol-gel method for being effective and inexpensive, by employing zinc acetate dehydrate Zn (CH3CO2)2.2H2O as a precursor and sodium hydroxide (NaOH) starch as a constant agent. The structural properties of resultant zinc oxide nanoparticles were investigated by X-ray diffraction (XRD) technique. The XRD data confirmed the hexagonal wurtzite structure of ZnO powder confirmed by JCPDS 36-1451 data. Particles size was calculated by Scherrer formula and calculated size was 30.14 nm. These nanoparticles were investigated for inhibition zone of bacterial strain Escherichia coli, a gram-negative microbe, at various concentrations of ZnO nanoparticles. Zinc oxide nanoparticles were very proficient for inhibition of growth of bacterial strain E. coli. The mechanism of ZnO NPs for antibacterial activity is release of reactive oxygen species which not only hydrolyze cell wall but cell membrane and cellular components as well providing a potential bactericidal effect.
Introduction
Technologies have lead mankind to bring possibilities with comfort in every aspect of life. Dawn of nanotechnology has enabled synthesis of nano-scale particles with size of below 100 nm in one or more dimensions, termed as nanoparticles [1] . Nanoparticles with small size and large surface area offer scientific research owing to new horizon of applications in fields like biosensor, optical, agriculture, cosmetics, food industry, electronics, medical, diagnostics and nano-biotechnology [2] [3] [4] . Nanoparticles especially inorganic metal oxides like ZnO, MgO, CaO , CeO, CuO, AL2O3, Ag2O and TiO have potential for antimicrobial activity seems to be promising candidate for their use against various microbes [2, [5] [6] [7] [8] [9] . Adducts of halogens like chloride and bromide with MgO nanoparticles have potent antimicrobial activity for bacteria as well as spores [2] . Zinc oxide with chemical formula ZnO and its molar mass is 81.38 g/mol., is an inorganic composite white powder that is insoluble in water and it is widely used as an additive in numerous materials and products ISSN: 2581-5164 Available online at Journals. aijr.in Mechanistic Study of Antibacterial Properties of Chemically Synthesize Zinc Oxide (ZnO) Nanoparticles including rubbers and plastic manufacturing. Other names of zinc oxide are calamine, Chinese white, zinc white and flower of zinc. This inorganic composite also known as zincite and arise rarely in nature, normally in a crystalline appearance. It is generally red or orange in color due to existence of manganese impurity. It frequently appears as a white crystalline residue. Crystalline ZnO is thermochromic, which modify from white to yellow color when intense and reverting to white color on cooling. This change in color is reason by a very little loss of oxygen at high temperatures. ZnO decomposes to form zinc vapor and oxygen at around 1975 °C indicating its considerable constancy. Heating with carbon changes ZnO into Zn, which is more unpredictable. Commercial zinc oxide demonstrates a computable but low stage of water solubility, 0.005 g/liter. Many ZnO nanomaterial which is used commercially and formed synthetically. ZnO is essentially a large band gap semiconductor of the II-VI semiconductor group. The doping of the semiconductor is n-type which is due to oxygen vacancies. That has numerous positive properties like good transparency, high electron mobility, wide bandgap for semi-conductivity, high room temperature luminescence etc. [10] [11] . Nanostructures of zinc oxide can be prepared into a variety of morphologies including nanorods, nanowires, nanoflower, tetrapods, nanobelts, nanoparticles etc. Zinc oxide nanoparticles Zn stand out as one of the most versatile materials, due to their functionalities, diverse properties and applications. Zinc oxide nanoparticles have tremendous optical properties, it possesses antimicrobial actions against some fungi and bacteria. The colloidal solution of ZnO nanoparticles is used in nano-fertilizers also it increases the growth and yield of the crops. As the demand of food is increasing day by day the yield of staple food crops is much low. So it is the time to commercialize metal nanoparticles for supportable agriculture [12] . Since microbes have severe health affects not only in mankind but other living organisms. Antibiotic resistance developed by the pathogenic bacteria has made difficult to cop up with infectious diseases posing serious threat to health [13] . ZnO nanoparticles are being extensively studied and used for their antimicrobial activities against Gram positive and negative bacteria under visible light [14] . The mechanism of action of ZnO nanoparticles is suggested to be disruption of microbial cell membrane and cell wall by employing reactive oxygen species (ROS) like OH -, H2O2, and O2 2-. ZnO nanoparticles are Generally Recognized As Safe (GRAS) by US Food and Drug Authority (FDA) [15] . ZnO nanoparticles are being used as food additives, anticancer, anti-inflammatory and drug delivery [16] [17] [18] . The concentration of ZnO nanoparticles is critical for drug delivery, anti-cancer and anti-inflammatory administered to affected individuals [19] . The anti-cancer activity involves the similar mechanism as in antimicrobial activity, production of ROS and leading to programmed cell death known as apoptosis [20] . In case of anti-microbial activity, which is size dependent of ZnO NPs as well as specie of bacteria [21] . Bacteria are tiny living beings (microorganisms). Most of Bacteria are classified in two categories based upon differential staining procedure on the basis of cell wall composition, Gram positive and negative bacteria. Gram-positive bacteria have a thick mesh-like cell wall which is made up of peptidoglycan (50-90% of cell wall), which stains purple. Peptidoglycan is mainly a polysaccharide composed of two subunits called N-acetyl glucosamine (NAG) and N-acetyl muramic acid (NAM). As adjacent layers of peptidoglycan are formed, they are cross linked by short chains of peptides by means of a trans-peptidase enzyme, resulting in the shape and rigidity of the cell wall [22] . The thick peptidoglycan layer of Gram-positive organisms allows these organisms to retain the crystal violet-iodine complex and stains the cells as purple. Gramnegative bacteria have a thinner layer of peptidoglycan (10% of the cell wall) and lose the crystal violetiodine complex during decolorization with the alcohol rinse, but retain the counter stain Safranin, thus appearing reddish or pink [23] . They also have an additional outer membrane which contains lipids, which is separated from the cell wall by means of periplasmic space. The cell wall of Gram-negative bacteria is often a virulence factor that enables pathogenic bacteria to cause disease [22] . Nowadays, numerous methods have been employed to control or prevent the growth of pathogens in food by the involvement of synthetic and natural antimicrobial agents. In recent years, nanoparticles play crucial role in food preservation and packaging. In the present investigation, the ZnO nanoparticles were synthesized using wet chemical approach [24] . The structural characterization of ZnO nanoparticles were carried out using X-ray Diffractometer. Furthermore, the antimicrobial activity of ZnO nanoparticles were carried out against Escherichia coli. The objective of the present research work was synthesis of zinc oxide (ZnO) nanoparticles by using chemical approach. The obtained nanoparticles were characterized using XRD technique antibacterial properties of synthesized zinc oxide nanoparticles were studied.
Material and methods

Preparation of ZnO nanoparticles
A Sol Gel method is used for the synthesis of zinc oxide nanoparticles in the powder form. ZnO NPs were prepared by sol gel method employing zinc acetate dehydrate (99.9% of Sigma now is Merck) dissolved in distilled water [25] . The clear solution with 0.2 M of zinc acetate dehydrate was obtained by magnetic stirrer mixing for 60 min. The prepared solution was mixed with 0.1 M NaOH (≥97 % ACS grade Merck) which was subjected to filtration with porosity in microns. The glass beaker containing filtrate was placed in oven for 3 hours at 60°C for drying purpose. The dried gelatin structure was grinded with mortar and pestle to get fine powder. The structural elucidation was performed by X-Ray diffraction.
Antibacterial properties of ZnO Nanoparticles
Optical density
Antibacterial activity of ZnO NPs was observed against gram negative bacterial specie E.coli DH5α by optical density and plate method. For optical density, serial dilutions of various concentrations of ZnO NPs were prepared in sterilized nutrient growth media, bacterial strain was inoculated and incubated at 37°C for 15 to 24 hrs. Optical density was measured at 600 nm by UV-Vis spectrophotometer (Shimadzu 1700).
Minimum inhibitory concentration assay
To determination of minimum inhibitory concentration (MIC) against E.coli DH5α, various concentration containing microbial test tube cultures were spread over nutrient agar plate, incubated at 37°C for 8 hrs.
Colonies were counted by colony counter. The concentration at which the number of colonies falls below 30 cfu/mL was considered as Minimum Bactericidal Concentration (MBC) and the concentration at which the growth of bacteria was completely absent was taken as MIC.
Zone of Inhibition
The zone of inhibition was determined by the recommended procedure by CLSI (Clinical and Laboratory Guidelines) [26] . For this instance, ZnO NPs disc with size of 1.5 mm diameter containing (an amount of ZnO NPs) prepared as shown in table 1. Fresh microbial culture was swabbed on Muller Hinton agar (MH) plates, ZnO NPs discs were applied in quartile in a plate and incubated at 37°C for 24 hrs. Each experiment was performed in triplicate. The inhibition zones are given as the means and standard deviation [27] . 
Results and Discussion
The development of nanotechnology is making the interest of researchers towards the synthesis of nanoparticles for the bio-application. Metal oxides such as ZnO have received increasing attention as antibacterial materials in recent years because of their stability under harsh processing conditions and also because they are generally regarded as safe materials for human beings and animals. Zinc activates 300 enzymes and it plays a role in many another phenomenon like growth, membrane stability, bone mineralization, tissue growth, and repair, wound healing and cell signaling. The wide existence of zinc in nature makes the use of zinc as non-toxic agent. Many studies have shown that ZnO nanoparticles have enhanced antibacterial activity. Use of plant and plant materials for the synthesis of Zinc nanoparticles is relatively new and exciting research field. Various plants were used for the synthesis of nanoparticles using green synthesis method. Nanoparticles were synthesized from all the parts of the plant separately like stem, flower, leaf, latex, root, peel, stem bark and fruits. The prepared nanoparticles of Zinc oxide were characterized by using XRD, UV-VIS Spectroscopy, FTIR, EDAX, Particle size analyzer, TGA, and SEM. In this research Zinc Oxide nanoparticles (ZnO-NPs) prepared by a Bottom-Up chemical technique (named Sol-Gel method) from a zinc acetate precursor and sodium hydroxide, because this technique has many advantages over other methods (like Spray pyrolysis, Rapid solidification process, Liquid infiltration and Ball milling) which are high cost, high temperature associated and formation of undesired products during Process [28] . The choice employed for the preparation of ZnO nanoparticles is Sol-Gel method which utilizes alkaline solution leads to hydrolysis of metal precursor forming a gel structure by removal of water. The gelatinized body gives high quality fine powder of ZnO by elimination of solvent. The fine powder is attributing factor especially size of nanoparticles. The small size of nanoparticles is proportional to the surface area which comes encountering the effectiveness and activity of nanoparticles. The effectiveness of using Sol-Gel method has wide range in the field of material sciences because it ensures better control of structure in terms of particle size, also ensures better homogeneity in the mixing of molecular level. Elemental composition of ZnO-NPs determined by a versatile and rapid analytical technique "X-ray diffraction".
X -ray Diffraction (XRD) Analysis
The prepared samples of ZnO were examined with the help of X-ray diffraction is used for the structural analysis. The Scherrer formula used to calculate the crystallite size of zinc oxide nanoparticles is:
Where 'B' is full width half maximum taken in radian, 'λ' is the wavelength of the X-rays used and for Copper Kα it is 0.15406 nm, 'θB' is the angle between the incident and diffracted beam and 't' is the crystallite size. This technique provides phase identification of a crystalline material and gives detailed information of a "Unit cell dimension". The crystalline structure (lattice positions) has been refined by using the "Scherrer method". X-ray diffraction (XRD) patterns of zinc oxide samples were recorded using X-ray diffractometer using Cu-Ka radiation (λ=1.540598A) with 2 theta ranging from 20 to 80.The XRD pattern of zinc oxide sample as shown in figure 1 , with their corresponding XRD data (d-spacing, 2 theta values, half maximum intensity and relative intensity) are given from angle separately. Calculated size was 30.14 nm. Lattice constants were also calculated peak positioned at 2θ = 36.45 [29, 30] and Lattice parameters were measured using respective miller indices [31] . In the present research X-ray diffraction peaks (spectra) is in good agreement with the computational data.
The crystalline structure (lattice positions) has been refined by using the "Scherrer method". The X-ray diffraction (Cu-Karadiation, λ= 1.54098 A o ) showed the d-spacing value ranging between 1.23617 to 2.79997and the volume of "hexagonal wurtzite unit cell" was 68.55 (units) [32] .
Lattice parameters
By using the values of miller indices (hkl), the lattice parameters for ZnO sample was determined by using the following equations [33] [34] [35] . Where 'a' and 'c' are required lattice parameters, λ represent the wavelength of X-rays having the value of 1.540598 A, the values of lattice parameters (a, c) for the present sample as shown in table 3. 
Density of Unit Cell
Ratio of mass of unit cell to volume of unit cell is called density. It is determined by using the formula [34, 35] .
=
Where Z is the number of molecules per unit cell, M is the molar mass of the sample, NA is Avogadro's number, V is the volume of unit cell. The density of unit cell depends on the unit cell volume and molar mass of the sample. Density of unit cell of ZnO NPs is given in table 5. 
Antibacterial activity of ZnO nanoparticles
ZnO NPs are said to be more effective against Gram positive microbes [36] but the effective antibacterial activity against gram negative is observed in this study as it is already described [37] . The choice of ZnO NPs for antibacterial activity is based upon its safety for use and for their activity any special or additional treatment is not required since these are activated visible light [14] which favors the utility of ZnO at wide range of goods . ZnO NPs (0.4 mg/µL and 0.8 mg/µL) were tested for antibacterial activity against gram negative a non-pathogenic microbial strain E.coli DH5α (shown in figure 2a and 2b) . The experiments were performed in triplicated to get the accurate observations, the each of triplicated experiment revealed almost similar results for both 0.4 mg / µL and 0.8 mg / µL, Set A and Set B respectively. The zone of inhibition was more effective for 0.8 mg/ µL than of 0.4 mg / µL which indicated amount of ZnO NPs had direct relationship with antibacterial activity shown in figure-3 (a, b) , where it was observed as the amount of ZnO nanoparticles increases in solution contained by the disc so does the zone of inhibition also increases. The proportional effect amount of zinc oxide nanoparticles with inhibition zone seems to make it promising antibacterial agent. The various amount of ZnO NPs on disc for antibacterial activity was recorded. Table  6 contains zone of inhibition data for each set with its standard deviation. 
Mechanism of antibacterial activity
The most effective and potential antibacterial mechanism for ZnO is release of reactive oxygen species.
Reactive Oxygen Species (ROS)
The ZnO provides oxygen species from its surface. The reactive oxygen species involve production of superoxide and hydrogen peroxide hydrolyze bacterial cell wall making bacteria off guard, resulting in leakage of cellular contents eventually to death of microbe. The following equations describe the formation of reactive oxygen species [38] . ZnO oxide has advantage in ease of use due to its activation under visible light by formation of electron-hole pairs (eh + ).
ZnO + hv e -+ h + The holes split water molecule employing ZnO suspension and from ·OH and H + .
h + + H2O
·OH + H + Dissolved oxygen reacts with electron resulting in superoxide anion.
e -+ O2
·O2 -Superoxide anions give rise to HO2· radicals by reacting to hydrogen ion.
·O2 -+ H +
HO2· HO2· reacts to electrons and hydrogen ion and forms hydrogen peroxide The negative charged species such as hydroxyl and superoxide anion cannot get into to cell membrane, but hydrogen peroxide has ability to penetrate into cell wall and cell membrane, hence leading to bactericidal affect. In gram negative bacteria, cell wall is composed of lipopolysaccharides which enables bacteria to withstand for harsh conditions and provides resistance against antibiotics. By use of ZnO NPs employing release of reactive oxygen species (ROS) there are multiple factors which are involved in antibacterial activity. Negatively charged species generated by ZnO NPs, hydroxyl and superoxide anion act at surface of bacteria like cell wall along with Zn toxicity providing more potential for being antibacterial activity. Furthermore, hydrogen peroxide dissolve cell membrane as well as effecting cytoplasmic activities [39] .
Effectiveness of Sol-Gel method for ZnO NPs
Sol-Gel is simple and inexpensive method for preparation of ZnO NPs. The fine quality of NPs is obtained by removal of solvent from gelatinized structure. The fine powder of NPs is rich in quality along with effectiveness providing large surface area to NPs for its mechanism of action which enhances the antibacterial properties. Other approaches are also employed for the production and subjected to antibacterial activity. By comparing ZnO NPs prepared by Sol-gel method and ZnO NPs coated on tetron fabric have dramatic difference in antibacterial activity. As in ZnO NPs coated on the tetron fabric did not have any potential antibacterial activity against E. coli, a gram-negative bacteria, which is resistant towards this method [40] . The data generated from this study showed ZnO NPs have very effective antibacterial activity against a gram-negative microbe. The preparation method for ZnO NPs is required to explore in broad spectrum microbial strains. Since there is antibiotic resistance is emerging for natural compounds posing a serious threat in terms of health and economic issues, there is need of alternative agent which can be used to target the pathogenic strains of bacteria specially Gram negative bacteria which hinders to antibiotic due to their cell wall structure. In light of these events, the chemically synthesized non-toxic ZnO nanoparticles can be employed as antibiotic drug regarding to its safe use and bactericidal potential.
Conclusion
Zinc Oxide nanoparticles (ZnO NPs) in powder form were prepared by Sol gel method from a zinc acetate precursor and sodium hydroxide. X-ray diffraction (XRD) patterns of zinc oxide samples were recorded using X-ray powder diffractometer using Cu-Ka radiation (λ=1.540598A) with 2 theta ranging from 20 to 80nm. The crystalline size of ZnO sample was calculated using Debye Scherer's formula and Lattice parameters were measured using miller indices. The XRD pattern of ZnO sample showed close resemblance with the original patterns. The antibacterial activity of ZnO NPs, prepared by sol-gel method, showed potential results against a gram-negative bacterium, E. coli, by release of reactive oxygen species (ROS). We are able to conclude concerning the achieved results that the zinc oxide nanoparticles possibly will be purposed as effectual and command full products against bacteria in future. Anti-microbial activity is based upon size and type of ZnO NPs as much the particle size is small and fines as much the surface area is available for its activity against microbes. The antibacterial activity of ZnO nanoparticles was determined for non-pathogenic Gram-negative microbial strain Escherichia coli. Thedisc diffusion method was employed for the antimicrobial activity of ZnO NPs at various amounts of 0.4 mg/µL and 0.8 mg/µL and zone of inhibition was measured. It was observed that as the amount of ZnO NPs increased as did the zone of inhibition which indicated the bactericidal effect. The mechanistic approach for ZnO NPs is release of reactive oxygen species. ROS are potential bactericidal effect as the results of current research showed that ZnO nanoparticles have an excellent antimicrobial activity against Escherichia coli.
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